OPTICAL SEMICONDUCTOR MODULE EQUIPPED WITH A LIGHT 
MONITOR FOR MONITORING SIGNAL LIGHT EMITTED FROM A 
LIGHT EMITTING ELEMENT 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an optical semiconductor module 
in an optical communication network, and more particularly, to an optical 
semiconductor module equipped with a light monitor that monitors light emitted 

| :; : s from a light emitting element on an optical waveguide. 
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O 2. Description of the Related Art 
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[0002] In a related optical semiconductor module, a light monitoring 
element is used to control the output level emitted from a light emitting element, 
such as a semiconductor laser. The light monitor element receives a portion of 



ip the light emitted from the light emitting element and monitors that portion of 

O light. In order to perform this monitoring function, the light monitor element is 

disposed at a rear portion of the semiconductor laser. In this arrangement, the 
light monitor element receives light emitted from the rear of the semiconductor 
laser and detects its optical output level in order to perform optical output control 
through feedback control thereof. 

[0003] Optical semiconductor modules for two-way optical 
communication, equipped with both a light emitting element for emitting signal 
light for transmission and a light receiving element for receiving transmitted 
signal light, are presently in use. Japanese Laid-open Patent Application Heisei 
11-38279 discloses the optical semiconductor module for two-way optical 
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communication as shown in FIG. 1. In FIG. 1, the optical semiconductor module 
1 is constructed of an optical waveguide substrate 2, a light emitting element 3, 
a light monitor 4 and a light receiving element 5. The light emitting element 3 
is provided on the optical waveguide substrate 2 and is optically coupled to a first 
optical waveguide 6. The light receiving element 5 is provided on the optical 
waveguide substrate 2 and is coupled to a second optical waveguide 7. The 
optical semiconductor module 1 is constructed such that, by arranging the light 
emitting element 3 and the light receiving element 5 in parallel, back light 
emitted from the light emitting element 3 is not incident on the light receiving 
element 5. 

[0004] In this optical semiconductor module, because the light monitor 4 

directly receives the back light emitted from the light emitting element 3, the light 
monitor 4 must be a waveguide incident type. However, a light monitor 4 of the 
waveguide incident type is more expensive than that of a front surface incident 
type, which is generally used at present. Thus, there are drawbacks, e.g., it is 
difficult to produce the module at lower cost and extremely precise installment 
is required due to the small size of the light receiving portion of the light monitor 
4. 

[0005] In addition, because the back light emitted by the light emitting 
element 3 is used as monitor light, any increase the reflectance of the back 
surface of the light emitting element 3 in order to increase the light output from 
the light emitting element 3 is not permitted. 



SUMMARY OF THE INVENTION 
[0006] Accordingly, an aspect of the present invention provides the optical 
semiconductor module at lower cost by making the installment of the light 
monitoring element easier. 

[0007] Also, another aspect of the present invention improves the optical 
output of the light from the light emitting element by increasing the reflectance 
of the back surface of the light emitting element. This provides an optical 
semiconductor module capable of monitoring functions while improving its 
temperature properties. 

[0008] The present invention provides an optical semiconductor module 

comprising a light emitting means that emits signal light, an optical transmitting 
means that transmits the signal light, a light monitoring means that receives 
forward light emitted from the light emitting means, and a support means that 
supports the light emitting means and the optical transmitting means. It is 
preferable that the light monitoring means is arranged above the optical 
transmitting means such that a light receiving surface faces downward with 
respect to the support means. The forward light is a portion of the leakage light 
that is not coupled to the optical transmitting means. Preferably, the optical 
transmitting means is an optical waveguide. An optical semiconductor module 
of the present invention further comprises a reflecting means disposed between 
the optical waveguide and the support means for reflecting leakage light of the 
signal light that is not coupled to the optical waveguide. Preferably, the light 
monitoring means receives not only receiving forward light emitted from the light 



emitting means but also leakage light reflected by the reflecting means. The 
optical transmitting means may be an optical fiber. The optical transmitting 
means also comprises positioning means that positions the optical fiber so that the 
signal light emitted from the light emitting means can be optically coupled to the 
optical fiber. The light monitoring means is provided so that it cannot contact the 
optical fiber. 

[0009] Another optical semiconductor module of the present invention 
m comprises a light emitting means that emits signal light, a first guiding means that 

/ 

13 guides the signal light, a light monitoring means that receives forward light 

m ■ ■ 

% J emitted from the light emitting means, and a second guiding means that guides 

W . 

?*| the signal light input to the optical semiconductor module. The optical 

ij.-*- semiconductor module further comprises a coupling means that couples the light 

m 

fjj guided through the first guiding means and the light guided through the second 

nS ~ . - 

ip guiding means, and a support means that supports the light emitting means. The 

m ^ ^ ^ • ■ 

optical semiconductor module further comprises a light receiving means that 

receives the signal light guided by the sefcond guiding means. The light receiving 

means is provided on the support means and the light monitoring means is 

arranged above the first guiding means such that a light receiving surface faces 

downward with respect to the support means. The forward light is a part of the 

leakage light that is not coupled to the first guiding means. The first guiding 

means is a first waveguide and the second guiding means is a second waveguide. 

[0010] Another optical semiconductor module of the present invention 

comprises a light emitting means that emits a first signal light, a first guiding 
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means that guides the first signal light and a light monitoring means that receives 
the forward light emitted from the light emitting means. The optical 
semiconductor module further comprises a second guiding means that guides a 
second signal light input into the optical semiconductor module, a filtering means 
that allows transmission of a predetermined wavelength of signal light and a 
support means that supports the light emitting means. The optical semiconductor 
module also comprises a third guiding means that guides the signal light allowed 
transmission by the filtering means and the light receiving means that receives the 
signal light guided through the third guiding means. The light receiving means 
is provided on the support means. The filtering means reflects the first signal 
light and allows transmission of the second signal light. The first guiding means 
is a first waveguide, the second guiding means is a second waveguide and the 
third guiding means is a third waveguide. The light monitoring means is 
arranged above the first guiding means such that a light receiving surface faces 
downward with respect to the support means. The forward light is a part of the 
leakage light that is not coupled to the first guiding means. 
[0011] Another optical semiconductor module of the present invention 
comprises a light emitting element that emits signal light, an optical waveguide 
that transmits the signal light, a light monitor that receives forward light emitted 
from the light emitting element, and a substrate for supporting the light emitting 
element and the optical waveguide. The light monitor is arranged above the 
optical waveguide such that a light receiving surface faces downward with 
respect to the substrate. The forward light is a part of the leakage light that is not 



coupled to the optical waveguide. The optical semiconductor module also 
comprises a reflection film disposed between the optical waveguide and the 
substrate for reflecting leakage light of the signal light that is not coupled to the 
optical waveguide. The light monitor receives not only receiving forward light 
emitted from the light emitting element but also leakage light reflected by the 
reflection film. 

[0012] Another optical semiconductor module of the present invention 
comprises a light emitting element that emits a signal light, an optical fiber that 
transmits the signal light, a light monitor that receives forward light emitted from 
the light emitting element, and a substrate for supporting the light emitting 
element and the optical fiber. The light monitor is arranged above the optical 
fiber such that a light receiving surface faces downward with respect to the 
substrate. The forward light is a portion of the leakage light that is not coupled 
to the optical fiber. The optical semiconductor module further comprises 
positioning grooves for positioning the optical fiber so that the signal light 
emitted from the light emitting element can be optically coupled to the optical 
fiber. The light monitor is provided so that it cannot contact the optical fiber. 
[0013] Another optical semiconductor module of the present invention 
comprises a light emitting element that emits signal light, a first waveguide that 
guides the signal light and a light monitor that receives forward light emitted 
from the light emitting element. The optical semiconductor module further 
comprises a second waveguide that guides signal light input to the optical 
semiconductor module, a branch waveguide that couples light guided through the 



first waveguide and light guided through the second waveguide and a substrate 
for supporting the light emitting element. The optical semiconductor module also 
comprises a light receiving element that receives signal light guided by the 
second waveguide. The light receiving element is provided on the substrate and 
the light monitor is arranged above the first waveguide such that a light receiving 
surface faces downward with respect to the substrate. The forward light is a part 
of the leakage light that is not coupled to the first waveguide. 
[0014] Another optical semiconductor module of the present invention 
comprises a light emitting element that emits a first signal light, a first waveguide 
that guides the first signal light and a light monitor that receives a forward light 
emitted from the light emitting element. The optical semiconductor module 
further comprises a second waveguide that guides a second signal light input into 
the optical semiconductor module, a filter that allows transmission of a 
predetermined wavelength of signal light and a substrate for supporting the light 
emitting element. The optical semiconductor module also comprises a third 
waveguide that guides signal light allowed transmission by the filter, and a light 
receiving element that receives signal light guided through the third waveguide. 
The light receiving element is provided on the substrate. The filter reflects the 
first signal light and allows transmission of the second signal light. The light 
monitor is arranged above the first waveguide such that a light receiving surface 
faces downward with respect to the substrate. The forward light is a part of the 
leakage light that is not coupled to the first waveguide. 

[0015] According to the present invention, it is possible to make the 



installment of the light monitor easy and to produce the optical semiconductor 
module at a lower cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] These and other aspects, features and advantages of the present 
invention will become more fully apparent from the following detailed 
description taken in conjunction with accompanying drawings. In the drawings: 

FIG. 1 is a diagram showing a related optical semiconductor module; 

FIG. 2A is a front diagram showing a first exemplary embodiment of an 
optical semiconductor module according to the present invention; 

FIG. 2B is a side view of the optical semiconductor module of FIG. 2 A; 

FIG. 3 is a diagram showing a second exemplary embodiment of an 
optical semiconductor module according to the present invention; 

FIG. 4 is a diagram showing a third exemplary embodiment of an optical 
semiconductor module according to the present invention; 

FIG. 5 A is a front diagram showing a fourth exemplary embodiment of 
an optical semiconductor module according to the present invention; 

FIG. 5B is. a side view of the optical semiconductor module of FIG. 5 A; 

FIG. 6 is a diagram showing a fifth exemplary embodiment of an optical 
semiconductor module according to the present invention; and 

FIG. 7 is a diagram showing a sixth exemplary embodiment of an optical 
semiconductor module according to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
[0017] Hereinafter, each exemplary embodiment of the present invention 
will be described in detail with reference to the drawings. 
[0018] Referring to FIG. 2 A, a front diagram showing a first exemplary 
embodiment of an optical semiconductor module according to the present 
invention is shown. FIG. 2B is a side view of the optical semiconductor module 
of FIG. 2A. In FIGS. 2A and 2B, the optical semiconductor module of the 
present invention is constructed of an optical waveguide substrate 11, a light 
emitting element 12 and a light monitor 13. On the optical waveguide substrate 
1 1, an optical waveguide 14, a clad layer 15, an electrode 16 that is coupled to the 
light emitting element 12 and an electrode 17 that is coupled to the light monitor 
13 are provided. 

[0019] Transmission signal light emitted from the light emitting element 12 
is coupled to the optical waveguide 14 and guided into a transmission line. The 
light monitor 13 is provided on the clad layer 15. The light monitor 13 receives, 
among the light emitted from the light emitting element 12, a portion of the 
leakage light that is not coupled to the optical waveguide 14, and controls the 
optical output of the light emitting element 12. In FIGS. 2A and 2B, the dotted 
lines t represent a substantially cone-shaped beam of light that is emitted from the 
light emitting element 12. Because the entire optical semiconductor system is 
covered with a transparent resin having a closely matched refractive index, light 
leaked inside the clad layer 15 is not reflected at the top surface of the clad layer 
15 and is received at a light receiving surface 18 of the light monitor 13. The 



light emitting element 12 is installed such that light emitted from the light 
emitting element 12 can be coupled to the optical waveguide 14. To drive the 
light emitting element 12, wires 19 and 20 are connected to the top surfaces of the 
electrode 16 and the light emitting element 12, respectively. Preferably, the 
optical waveguide 14 and the clad layer 15 are formed of quartz glass. However, 
the optical waveguide 14 and the clad layer 15 could also be constructed from 
organic materials, such as polymers, silicon or other semiconductors. 
[0020] The light monitor 13 is installed such that the light receiving surface 
1 ^ofthe lightmonitor 13 faces dow nward on the cladjay er 1 5^so as toj ec.eiye 
part of the leakage light that is not coupled to the optical waveguide 14. The light 
monitor 13 is a front surface incident type. However, it is also possible to employ 
a back surface incident type as the light monitor 13 as well. In order to prevent 
the light leaked to the inside of the clad layer 15 from being reflected at the top 
surface of the clad layer 15, the entireoptic al semiconductor module is covered 
wit h a transparent^ gsin,ha^dng-a^clQsel3^matched refractive index. Wires 21 and 
22 are connected to the top surfaces of the. electrode 7 and the light monitor 3, 
respectively, and current produced by the light monitor 13 when receiving light 
emitted from the light emitting element 12 is output through wires 21 and 22. 
[0021] Since the light emitting element 12 does not use the back light as the 
monitor light, the reflectance of the back surface of the light emitting element 12 
can be increased. As the result, it is possible to improve the optical output of the 
front light, as well as the temperature properties, of the light emitting element 12. 
Also, because a space for installing the light monitor 13 is not required at the rear 
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of the light emitting element 12, miniaturization of the optical waveguide 
substrate 11 becomes possible. Moreover, the light monitor 13 has a large light 
receiving surface as compared with that of the light receiving element of a 
waveguide incident type. Therefore, it is possible to relax the precision of the 
installment of the light receiving element. 

[0022] Referring to FIG. 3, a second exemplary embodiment of the present 
invention is shown. In the second exemplary embodiment, instead the light 
receiving current of a light monitor 13 passing through electrodes provided on a 
front surface and a back surface of the light monitor 13, the light monitor 13 is 
provided with two electrodes coupled to the light receiving surface 18. As to the 
same elements shown in FIGS. 2 A and 2B, the same reference numbers are used. 
[0023] The light monitor 13 is installed such that the light receiving surface 
18 of the light monitor 13 faces downward so as to receive a portion of the 
leakage light that is not coupled to the optical waveguide 14. The light monitor 
13, the electrode 17 and an electrode 32 provided on the clad layer 15 are 
connected simultaneously at the time of installing the light monitor 13. In order 
receive the light receiving current of the light monitor 13, wires 21 and 31 are 
connected to the electrode 17 and the electrode 32, respectively. 
[0024] Referring to FIG. 4, a third exemplary embodiment of the present 

invention is shown. As to the same elements as shown in FIGS. 2A and 2B, the 
same reference numbers are used. The third embodiment provides a metal layer 
4 1 as a reflection film for reflecting leakage light that is not coupled to an optical 
waveguide between a top surface of the optical waveguide substrate 14 and the 



clad layer 15. As the result, light leaked downward through the clad layer 15 is 
reflected upward when it reaches the metal layer 41. Therefore, the light leaked 
downward through the clad layer 15 can also be received at the light receiving 
surface 18 of the light monitor 13, and a greater light receiving current can be 
obtained. 

[0025] Referring to FIG. 5 A, a fourth exemplary embodiment of the present 
invention is shown. FIG. 5B is a side view of the optical semiconductor module 
of FIG. 5 A. In FIGS. 5 A and 5B, the light monitor 13 is installed not on an 
optical waveguide but above an optical fiber. As to the same elements shown in 
FIGS. 2 A and 2B, the same reference numbers are used. 

[0026] On the substrate 1 1, a groove 52 that positions an optical fiber 53 

and a groove 51 that contacts the optical fiber 53 are provided. The groove 52 
positions the optical fiber 53 in a direction parallel to an optical axis. The optical 
fiber 53 bumps against the groove 51, which has a direction perpendicular to the 
optical axis, without adjusting the optical axis. The light emitting element 12 is 
coupled to the electrode 16, and light emitted from the light emitting element 12 
can be coupled to the optical fiber 53. The light monitor 13 is installed above the 
optical fiber 53 such that the light receiving surface 18 of the light monitor 13 
faces downward so as to receive a portion of leakage light that is not coupled to 
the optical fiber 53. In order to prevent the light monitor 13 from contacting the 
optical fiber 53, the light monitor 13 is joined to the electrode 17 provided on the 
substrate 1 1 through a solder bump 54. Also, in order to prevent light leaked into 
a clad of the optical fiber 15 from being reflected at an outer peripheral portion 
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of the optical fiber 15, the entire optical semiconductor module is covered with 
transparent resin that has a closely matched refractive index. 
[0027] Referring to FIG. 6, a fifth exemplary embodiment is shown. The 
optical semiconductor module has a light transmission-reception function with 
a Y branch waveguide 62 provided on an optical waveguide substrate 65 and a 
light receiving element 66 also installed on the optical waveguide substrate 65. 
For the same elements shown in FIGS. 2A and 2B, the same reference numbers 
are used. 

[0028] On the optical waveguide substrate 65, a first optical waveguide 61, 
a second optical waveguide 63, a Y branch waveguide 62, an electrode 16 
coupled to a light emitting element 12, an electrode 17 coupled to a light monitor 
13 and an electrode 67 coupled to a light receiving element 66 are provided. A 
light emitting element 12 is coupled to the electrode 16, and light emitted from 
the light emitting element 12 can be coupled to the first optical waveguide 61. 
The light monitor 13 is installed on the electrode 17 formed on the clad layer 15 
(as shown in FIG. 2B) such that the light receiving surface 18 (as shown in FIG. 
2B) of the light monitor 13 faces downward so as to receive a portion of the 
leakage light that is not coupled to the first optical waveguide 61. The light 
receiving element 66 is coupled to the electrode 67, and is also coupled to the 
second optical waveguide 63. Wires 68 and 69 are connected to the top surfaces 
of the electrode 67 and the light receiving element 66, respectively, so that 
current can flow from the light receiving element 66. Also, in order to prevent 
light leaked to the inside of the clad layer 64 from being reflected at the top 



surface of the clad layer 64, the entire optical semiconductor module is covered 
with transparent resin, which is closely matched to the refractive index of the clad 
layer 64. In this exemplary embodiment, by using the light monitor of the present 
invention, it is possible to arrange the light monitor on the substrate on which the 
light emitting element and the light receiving element are arranged. 
[0029] - Referring to FIG. 7, a sixth exemplary embodiment is shown. The 
optical semiconductor module has a light transmission-reception function of 
transmitting light of a wavelength XI and receiving light of a wavelength X2. 
[0030] On an optical waveguide substrate 71, there are provided a first 
optical waveguide 72, a second optical waveguide 73, a third optical waveguide 
74, a groove 77 for a filter 76, an electrode 16 coupled to a light emitting element 
12, an electrode 17 coupled to a light monitor 13, and an electrode 79 coupled to 
a light receiving element 78. The light emitting element 12 is coupled to the 
electrode 16, and light emitted from the light emitting element 12 can be coupled 
to the first optical waveguide 72. The light monitor 13 is coupled to the electrode 
17 provided on a clad layer 75. The light receiving surface 18 (as shown in FIG. 
2B) of the light monitor 13 faces downward so as to receive a portion of the 
leakage light that is not coupled to the first optical waveguide 72. 
[0031] The light receiving element 78 is coupled to the electrode 79 such 
that light from the third optical waveguide 74 can be coupled to the light 
receiving element 78. A filter 76 that reflects the light of the wavelength XI and 
allows transmission of the light of the waveguide X2 is inserted into the groove 
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77 so that the light incident from the first optical waveguide 72 is reflected and 
coupled to the second optical waveguide 73. Transmission signal light of the 
wavelength XI emitted from the light emitting element 12 is guided through the 
first optical waveguide 72, reflected at the filter 76, and guided into a 
transmission line from the second optical waveguide 73. Reception signal light 
of the wavelength X2 which is incident on the second optical waveguide 73 from 
the transmission line is coupled to the third optical waveguide 74 by transmitting 
through the filter 76, and received by the light receiving element 78. The light 
monitor 13 installed on the clad layer 75 receives a portion of the leakage light 
that is not coupled to the first optical waveguide 72 and is used for control of 
optical output of the light emitting element 12. 

[0032] For example, the installment and fixation of the light receiving 

element to the substrate can be performed by providing a first electrode on a front 
surface of the light receiving surface side of the light receiving element, 
providing a second electrode on a front surface of the substrate, and electrically 
connecting the first electrode with the second electrode. 

[0033] As described above, the present invention installs the light monitor 
on the clad layer of the optical waveguide substrate so that its light receiving 
surface faces downward. Therefore, the light monitor receives a portion of the 
above-mentioned leakage light that. is not coupled to the optical waveguide. As 
the result, it is possible to make the installment of the light receiving element 
easy and to produce the optical semiconductor module at lower cost. 
[0034] Moreover, it is possible to increase the optical output of the front 
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light and improve its temperature properties by making the reflectance of the 
back surface of the light emitting element larger without using the back light of 
the light emitting element as the monitor light. 

[0035] Obviously, numerous additional modifications and variations of the 
present invention are possible in light of the above teachings. It is, therefore, to 
be understood that within the scope of the appended claims, the invention may 
be practiced otherwise than as specifically described herein. 
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